Ghost Process: a Sound Basis to Implement Process Duplication, Migration and Checkpoint/Restart in Linux Clusters by Vallée, Geoffroy et al.
Ghost Process: a Sound Basis to Implement Process
Duplication, Migration and Checkpoint/Restart in
Linux Clusters
Geoffroy Valle´e, Renaud Lottiaux, David Margery, Christine Morin,
Jean-Yves Berthou
To cite this version:
Geoffroy Valle´e, Renaud Lottiaux, David Margery, Christine Morin, Jean-Yves Berthou. Ghost
Process: a Sound Basis to Implement Process Duplication, Migration and Checkpoint/Restart
in Linux Clusters. [Research Report] RR-5476, INRIA. 2005, pp.16. <inria-00070531>
HAL Id: inria-00070531
https://hal.inria.fr/inria-00070531
Submitted on 19 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de





























ap por t  

de  r ech er ch e 
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
Ghost Process: a Sound Basis to Implement
Process Duplication, Migration and
Checkpoint/Restart in Linux Clusters







































Unité de recherche INRIA Rennes
IRISA, Campus universitaire de Beaulieu, 35042 RENNES Cedex (France)
Téléphone : 02 99 84 71 00 - International : +33 2 99 84 71 00
Télécopie : 02 99 84 71 71 - International : +33 2 99 84 71 71
	2# ¨!ﬀ/(.!¢(2!ﬀﬂ"$(. ﬁﬂ,!# *6!1×+$ (."$# ﬀ


	 ﬁ (2!ﬀ"4(. ﬁﬂ ﬁﬂ*ﬂ+$"43@"$!ﬀI58(."$:;3"4!ﬀ2
ﬁﬂ
 3@"$!ﬀ8B@K*ﬂ"$# ﬁﬂ *©!"$ﬀ/
ﬁ K*"$# ﬁﬂ *#ﬂ







» $T4Ł­®¡8 VV»®­®T¨­®¡ÁŁNT~E 4mq$Ły­¼¡Á­®A[y¡PT¿ﬃ¡V/VVy |V!¡V¨PŁN[4yA4
4y-T¡ ﬁ;ŁV¬m-4Ða4444¡PcyŁ~$TT4¡V­¾TT¿Ô-T¡V­®¡~Tº­®»®¡y}TV­ Ða$­®»®T"! A4É
yT¡ ﬁ;ŁV¬m4#!;­®¡PT¡V­¼q¿$-~»¼Ł~TºP­¼»¾¡PcŁ~ÃÆ¡~TŁ~CŁV¡14¡~444ŁV¡NÕ@»¾3¬P­®ŁÉ





















	-iÜ¾ÜÝ Û.2-Þ¼á 2á /~Ý2ßyÛTà á$ÜyÜ5)qÞËà9-ÝËÛﬀ/ Ùß9-¨ÝËÛ3/




























































































	-iÜ¾ÜÝ Û.2-Þ¼á 2á /~Ý2ßyÛTà á$ÜyÜ5)qÞËà9-ÝËÛﬀ/ Ùß9-¨ÝËÛ3/


































































































































7:9 ;#;#<>= ?@9 AN»¾;~¨¬m­¾TC¡­¼¡Py4ÃË$Ky!¡~±;~»®-yTRÊi½y­ yK[4 ¨­®¡R4Ë4ã#­®­®¡V±;¥"6È¿
MMONQPSRﬂTUﬂV
§ 



























































































































	-iÜ¾ÜÝ Û.2-Þ¼á 2á /~Ý2ßyÛTà á$ÜyÜ5)qÞËà9-ÝËÛﬀ/ Ùß9-¨ÝËÛ3/
-3/ﬀ#Ú~áyàﬂﬁ ÞVÛﬃ /~Ý "!á$ÜÈÝ -ßÈÝ# /%$& / )(')& )mÜÈÝ á$ß Ü¦
T»®»®K­®¡P4yyŁV­®¡R4¿{K|V4y$ÃÆºmT±­¾y42¬i»¼Ł~TKyEi¬¨­®»¾ÄV»®E¡~aVy$q$m $­®¡ﬂ4¡ÄR
Èy­¼¬¨¨yTﬂ¨¡Py­¼¿
   "    $	 ﬀ  !

 ) *  ﬀ ﬂ
!$   '( " "   









































¡~;¡VT½ÇV4TyC­¾$yTq4 ÃÆyÂm­¼¡~±J6¡R­¼¡RTyT­®¡|VE»¼4»Ry4 4 |~Vy$Tyc­¾Èy­¼¬
¡~ﬂ4¡ﬂyŁV¡,­¼¡ﬂ|~!4 6$¿



















áyÛ ßÛ -   á!á / -ﬀ)  $Û¨Ý\Ý -ﬀ)('  -S ﬀ:-¨ß^ÙPá$ß	ﬀ #Úmß¾ÜÈÝ /)á ÁÛß / 
má -ﬀ/¨á$Ü 	Eá$ßÈÝÆÚVÛﬀ)
 !






















































































































































































































































































































































































































































































































































































































































































































































































































	-iÜ¾ÜÝ Û.2-Þ¼á 2á /~Ý2ßyÛTà á$ÜyÜ5)qÞËà9-ÝËÛﬀ/ Ùß9-¨ÝËÛ3/








































 !       ﬀﬁ  ﬀ#   )'   

















































































































































































































































































































































































































 !        ﬀﬁ  
















































































	-iÜ¾ÜÝ Û.2-Þ¼á 2á /~Ý2ßyÛTà á$ÜyÜ5)qÞËà9-ÝËÛﬀ/ Ùß9-¨ÝËÛ3/





































































































































































































AyTŁV $3T$qK$y|V,.~¡~Tﬂ­¼¡57:9;#;#<>=?@9A 4Ë4 2@­¼±ŁV *J6È¿{K|V!V­®Â1T$qK$y|Vﬂ­®
ÄRT¡|V%7:9;#;#<>=?@9AIV­®Â4$q2­®¡P4ÃË43VqT¡PT­®¡,ã#­®­®¡V±¥¡~­®¡,ã#­®­®¡V±1¤V¿








































































































































































































RTy­®¡V±,4ÄRT©¡©ã#­¼¡mŁI¯¿ ¥~¿ ¯¨¥~¿ EŁV3qŁV»¼y;ÃÆ!ﬂ$»®Ł~4;­®¡6½|V­® |6T |8¡V
­¾%(4¡Py­¼¡V­®¡V±a8
ﬃ


















	           '  
  )"#     )'   ! "ﬁ  "*
! !









	-iÜ¾ÜÝ Û.2-Þ¼á 2á /~Ý2ßyÛTà á$ÜyÜ5)qÞËà9-ÝËÛﬀ/ Ùß9-¨ÝËÛ3/








            '  
  )"#     )'   ! "ﬁ  "*
! !

'(    "  
{K|~;~»¼E44Tyc-CcÃ)â3Ty­®±|VqŁ~Tc|V-»®4» ~»®Tﬂ¿$Ì|VT¡a; |VT Âm[­®¡ R»¼­¾4q¨q










































	-iÜ¾ÜÝ Û.2-Þ¼á 2á /~Ý2ßyÛTà á$ÜyÜ5)qÞËà9-ÝËÛﬀ/ Ùß9-¨ÝËÛ3/
-3/ﬀ#Ú~áyàﬂﬁ ÞVÛﬃ /~Ý "!á$ÜÈÝ -ßÈÝ# /%$& / )(')& )mÜÈÝ á$ß ÜÈq¤
~$qŁVV»®­¾4¨y­¼¡62¡~1/4»¼Ł~T½­¾Vym4Tym¡~ |Vy¡V­®ÖT­®¡a4y¬m­®4ºm$V»¼43Ł~VR









.¼0;¡V¡KyÂE¡R ET¡!ã#  V¡Ó¿{K|VÀ 3m ÎŁV»¼­¾$VŁTRTy­®¡V±-mTÃÆ#|~­¼±|
[4ÃÆy¡~41$»®Ł~TA4VŁy­¼¡V±R¿)Ý)ßyá
 
á /[á4ß -¨ÝËÛ3/ CÛ32Þ )Ý á$ßB iÜÈÝ á.2/ÜÈºS* 4Ë¥V¤(6ÈÕ *§~
*m¦¯VºSF(F EV¿
. ¯ 0;ª­® K¡V4a¡~ÀÁ­¼y¡ﬂãÓ­®¬P¡m¿E4V»®¨m­¼¡~±/|V­®±||VyŁ~±|VVŁVK4VŁy­¼¡V±4»¼Ł~TT¿@ ¡N-¨É
ÂmŁV2ŁVmVºT­¼Tº
	  ÙiÚ á4ß +$Û¨ß*2 -3/)à á L )mÜ Ý á4ß CÛﬀ2-Þ )Ý /mÙ Eßà Ú" Ý á à$Ý)ßá$Ü -ﬀ/ iÜ	
Ý á 2Üﬂ RÛﬃ ) 2á¨¿RCT¡P­¾$;Ò»¼»Ó{;ºÓSF F(F~¿







ŁR!4»¼Ł~T[4 ¨y­¼¡V±mT,¿,-¨ß -ﬃ ¼áCÛ32Þ )Ý H®ºR¯(E 4Æ¥"6ÈÕ ¤¤P¦m§°§~º¯°°¯¿




Û )à ÚVáﬂﬀ)   /PÙ)[Ý^ß -ÝäáäÙ(ËáÈÜ +$Ûß3,-ß -  ®á  2ßÛqà áÈÜ Ü /PÙº
R±q-¯¦ﬃF¯(F¥R¿PmVy­®¡V±TÉ c4y»®±~º[SF F¤¿ãÓqÈyŁV;ÔqK­¼¡:(A~ŁT$­®4¡~4;¬»^¿F¥ FV¿
. §ﬃ0 i¬m­® ÀÁy±Tº
ﬃ
Tﬀ)¨ C»®»¼TºT¡~ŁR ãÓ­¾ŁV)º(|~­¾y­¼¡~8ÀNy­®¡Óº-¡~ ªq¡ÉC¬q
2Ty|VŁÓ¿â34yy­¼±|VTÕ@Vm4»¼ŁRy4 3yŁV¡V¡V­®¡V± ERT¡~ÀN-¿ ¡52ßÛqàSHÝ Ú%)ßÛyÞ~á -3/ Û¨ß-ﬁ
ÜÚ~ÛyÞÑÛ3/ﬁﬀÞ~á./  ﬃﬂ !ﬀ
 #" $&%('iº)m4V4/ÄRTE¯°°(*~¿
. ¦10 E¡X)¿cÀN­®»®­¾$­¾º 2VyT ŁV±»®­¾4º
C¬T/­¼¡RVi¬T­¼¡Vºc­® |R  Ì|V4T»¼TTºC¡~Î¡V±¡V­®¡








á./)á$ß9-¨ÝËÛ3/ CÛ32Þ )Ý á4ß









RTy­®¡V±amT%ÃÆ|V­¼±|,RTÃÆ¡R$!$VŁ­®¡V±R¿C ¡ 2ßÛqàSHÛ +0%)ßyÛyÞ -¨ß213$$&%J ,-ß -  ®á 












Tﬀ)¨ C»®»®4º;(|V­¾­®¡VÀN­®¡ÓºCªT¡É C¬T Ty|VŁ#ºC¡~Åã#ŁV­¾A­¼»®»®­¼¡V±R¿6×¡VT½
É
~P |ÏyI4¡ R±ŁV ÄV»®VP¡R­®ﬂy |VTŁ~»¼­®¡V±6­¼¡Ç$»®Ł~4 /Ä~TÑ¡Ç­®¡V±»®,4 ­®±
yT |V¡~»®±­®TT¿V ¡B./3)mÜÈÝ\ß - Vß -à ﬁÛ +Ý Ú~á3*/~Ý á4ß*/ -¨ÝËÛ3/ -  ,-¨ß -ﬃ ¼á -ﬀ/8%¾ÜÈÝ^ß )Ýäáﬂ 2ßÛqàyá$Ü Ü /PÙ
 32-Þ~ÛiÜ ) 2Aº~Ô-­¾$º 2V ¡R$ºVVy­¼»¯°° *V¿
.®q¯ 03ÒŁ~+)[|V¡~±/¡Raª¡aÔ-­®4|Ó¿ ( Â)Õã#­¼¡mŁ1 |Vq ÂmR­¼¡PÈÊ¨q 2!Â4y¡V4»[mVŁV»¼¿{T |É
¡~­®T»TR7(%ﬃ (KPÉ °V4¥Éä°~º"E4R4¡PaÃ5(VŁV4ﬂ$­®4¡~4º (»®ŁVÄ~­® ﬃ¡V­¼¬4 ­¼º
Ô¨¬TÄ[4¯°°V¿
%'&LM(%*)
Unité de recherche INRIA Lorraine, Technopôle de Nancy-Brabois, Campus scientifique,
615 rue du Jardin Botanique, BP 101, 54600 VILLERS LÈS NANCY
Unité de recherche INRIA Rennes, Irisa, Campus universitaire de Beaulieu, 35042 RENNES Cedex
Unité de recherche INRIA Rhône-Alpes, 655, avenue de l’Europe, 38330 MONTBONNOT ST MARTIN
Unité de recherche INRIA Rocquencourt, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex
Unité de recherche INRIA Sophia-Antipolis, 2004 route des Lucioles, BP 93, 06902 SOPHIA-ANTIPOLIS Cedex
Éditeur
INRIA, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex (France)
  	


  
ISSN 0249-6399
